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Development of a Long-Life 50-kW Class Nested Hall Thruster

Completed Technology Project (2015 - 2019)

Project Introduction

Proposed here is the development and testing of a long-life high-power Hall
thruster. The thruster will be a 50-kW class nested-channel Hall thruster. The
thruster will be designed based on a heritage of other thrusters, namely the
H6MS and the X3. Both were jointly developed by the Plasmadynamics and
Electric Propulsion Laboratory (PEPL) at the University of Michigan, NASA and
the Air Force Office of Scientific Research. The X3 is currently undergoing a full
performance characterization to gather thrust data and plume characteristics.
This data will be used to develop a physics model of the thruster and
investigate the interaction between channels in nested-channel Hall thrusters.
The new thruster will be a two-channel magnetically-shielded thruster, ideally
simulated on the physics model developed from X3. It will have a nominal
power between 35 and 95 kW. New breakthroughs in life-prolonging
technologies will be implemented on the thruster to enable a minimum lifetime
of 10,000 hours. The development of the high power Hall thruster was a
critical step forward in the field of electric propulsion and in NASA's plan to
leverage them on a variety of missions, such as a manned mission to Mars.
However, the technology cannot currently be used on deep space missions due
to lifetime issues. Erosion is the main mechanism of failure on a Hall thruster,
as once the wall thickness reaches a critical level, the magnetic circuit is
exposed and shorted. The development of this thruster will mitigate this issue
by significantly reducing, and ultimately stopping, the erosion of the channel.
The project involves the design, fabrication, and testing of a two-channel
magnetically shielded thruster. The main design changes from unshielded
thrusters are the magnetic field and the chamfering of the isolation walls at
thruster exit. These change allows for plasma potential near the walls equal to
that of the discharge voltage, low electron energies near the wall and field
lines that exit the thruster without intersecting the wall such that the ions are
not accelerated into the walls. These aspects are the main requirements
behind magnetic shielding of a Hall thruster. Once thruster design and
fabrication is complete, testing will commence to assess performance and
plasma characteristics. Measurements to estimate erosion rates will be
performed to confirm that erosion has been dramatically decreased compared
to conventional Hall thrusters. A suite of plasma diagnostics will be used to
collect data on relevant plasma properties. These will then be used to calculate
thruster efficiency and develop a physics model of the thruster similar to that
of the X3 US. Additionally, thrust measurements will be taken to confirm that
performance is on par with unshielded thrusters. The work proposed here has
many implications on the field of electric propulsion. The project itself poses
an unprecedented challenge as neither a high-power Hall thruster (50-kW
class and above) nor a nested-channel Hall thruster has ever been
magnetically shielded. Insight into magnetically shielding such a thruster has
far reaching implications for future high-power Hall thrusters. Furthermore,
NASA has particular interest in such a project, because it will fulfill the need
for a cost-effective propulsion technology for human space exploration. In a
recent Broad Agency Announcement, NASA called for a 50 to 300 kW thruster
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for a variety of missions with a lifetime of up to 10,000 hrs. Currently, this
thruster is one of the few thrusters that can meet this demand in the proposed
five-year time scale. Mission analysis from NASA has shown that high power
Hall thrusters are ideal for near- Earth and deep-space applications. In order
to support the next generation of space missions, propulsion systems must be
able to meet a variety of performance metrics. Nested-channel Hall thrusters
allow for this by having a variety of firing configurations, and magnetic
shielding allows for Hall thrusters to be used on deep space missions by
increasing thruster lifetime. A two-channel magnetically shielded Hall thruster
significantly increases the technology readiness level of Hall thrusters and
moves NASA towards its goal of exploring the solar system.

Anticipated Benefits

Mission analysis from NASA has shown that high power Hall thrusters are ideal
for near- Earth and deep-space applications. In order to support the next
generation of space missions, propulsion systems must be able to meet a
variety of performance metrics. Nested-channel Hall thrusters allow for this by
having a variety of firing configurations, and magnetic shielding allows for Hall
thrusters to be used on deep space missions by increasing thruster lifetime.
The x3 MS significantly increases the technology readiness level of Hall
thrusters and moves NASA towards its goal of exploring the solar system.
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Organizational
Responsibility

Responsible Mission
Directorate:

Space Technology Mission
Directorate (STMD)

Lead Organization:
University of Michigan-Ann
Arbor

Responsible Program:
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Project Management

Program Director:
Claudia M Meyer

Program Manager:
Hung D Nguyen

Principal Investigator:
Alec Gallimore

Co-Investigator:
Sarah Cusson
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Organizations

Performing Work Role Type Location Technology Maturity
(TRL)
University of Lead Academia Ann Arbor,
Michigan-Ann Arbor Organization Michigan Start: 2
Current: 3
. Esti End:
@ jet Propulsion Supporting NASA Pasadena, stimated End: 3
Laboratory(JPL) Organization Center California
Primary U.S. Work Locations 1 WAER 4 5 6 7 8 9
Michigan Rpézzgfgh Development ~ Demo & Test
Project Website: Technology Areas
https://www.nasa.gov/strg#.VQb6T0jlzyE Primary:

e TXO01 Propulsion Systems
- TX01.2 Electric Space
Propulsion
- TX01.2.2 Electrostatic

Target Destinations
The Moon, The Sun
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